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1. Introduction

In RAN#88e, the revised SID for reduced capability NR devices was agreed [1]. The intention is to study a UE feature and parameter list with lower end capabilities, relative to Release 16 eMBB and URLLC NR to serve identified use cases. This contribution discusses the framework and principles for Reduced Capability. 

2. Discussion
2.1. UE complexity reduction features
As shown in [1], the following potential UE complexity reduction features are to be identified and studied during study item:
Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 

· Reduced number of UE RX/TX antennas

· UE Bandwidth reduction 

Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 

· Half-Duplex-FDD 

· Relaxed UE processing time 

· Relaxed UE processing capability 

For Rel-15 NR, the UE can support 4 RX and 2 TX antennas, or 2 RX and 1 TX antennas. For a RedCap UE with reduced number of antennas, the RX may further be reduced to 1 RX. Whether 2RX are necessary for these operating bands originally supporting 4 RX antennas can be further studied. For the number of TX antennas, since RedCap UE mainly works for low and medium data rate use case, 1 TX antenna to support single layer data transmission seems to be sufficient.
Proposal 1: 1 RX/TX antenna is baseline for RedCap UEs. The support of 2 RX&1 TX antenna is optional. 

For the UE bandwidth reduction, during RAN1 meeting#101e, the following agreements have been agreed:

Agreements: 

· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access

· Other bandwidths FFS

· For FR2, study 50MHz and 100 MHz maximum UE bandwidth at least for initial access 

· Other bandwidths FFS

For FR1, RedCap UEs with 20MHz maximum UE bandwidth can receive the full bandwidth of SSB and CORESET 0. The legacy initial access procedure can be reused. After initial access, the gNB can flexibly configure the UE a BWP with a bandwidth equal to or smaller than 20MHz. It seems no changes to the legacy procedure are needed. If other bandwidths are to be supported, the potential changes to the initial access procedure could be further considered. 
For FR2, it was agreed to study 50MHz and 100 MHz maximum UE bandwidth at least for initial access. The maximum bandwidth is 57.6MHz for SSB in FR2, and is 69.12MHz for CORESET 0 in FR2. For RedCap UEs with 50MHz maximum UE bandwidth, the bandwidth of SSB and CORESET 0 can’t be fully covered by the maximum UE bandwidth. Enhancements are needed for the initial access procedure for this case. 
Proposal 2: For FR1, legacy initial access procedure is reused for the RedCap UEs with 20MHz maximum UE bandwidth and above. 
Proposal 3: For FR2, enhancements to the initial access procedure are needed for the RedCap UEs with 50MHz maximum UE bandwidth
For paired spectrum, it is beneficial to support half-duplex FDD to save the cost of the duplexer. But for NR, since most of the bands are unpaired spectrum, whether HD-FDD shall be supported for limited NR FDD bands shall be discussed. One possible motivation of supporting half-duplex FDD may be supporting RedCap in the re-farmed 2G/3G/LTE frequency bands. 

Proposal 4: Whether half-duplex FDD is supported for very limited number of NR FDD bands is for further discussion.

For RedCap UEs, the end-to-end latency is relaxed compared with that of normal NR UEs, therefore it is possible to support relaxed UE processing timeline to reduce UE’s cost and complexity. In addition, as studied in NR UE’s power saving, relaxed UE processing timeline also reduces UE’s power by lowering UE’s working voltage and avoiding unnecessary data buffering. Corresponding mechanisms are specified during Rel-16 power saving WI. Reusing these solutions could be considered firstly. Further relaxing of minimum k0/k1/k2 values can be studied further. For example, only cross-slot scheduling can be supported for RedCap UEs. 

Proposal 5: The relaxing of minimum k0/k1/k2 is studied for RedCap UEs.
The relaxing of processing capabilities is beneficial to reduce UE’s complexity. The following are somes examples:
· Smaller maximum TBS
· HARQ process numbers 
· Lower modulation order
· Relaxed BWP switching delay
· Relaxed PDCCH monitoring capability
For RedCap UEs, the requirements on end-to-end latency and bit rate are different with different use cases and UE types [2]. The relaxing of processing capabilities should consider the fulfilling of these requirements ,while the UE complexity is reduced. 
Proposal 6: The relaxing of processing capabilities is studied for RedCap UEs.
In our companion contribution [3], potential complexity reduction techniques for RedCap UEs are discussed in detail. 

2.2. UE power saving enhancement
The power saving enhancements are another main objectives for RedCap UEs [1].
Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 

· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].

· Extended DRX for RRC Inactive and/or Idle [RAN2]

· RRM relaxation for stationary devices [RAN2]

In RAN1, the study focusses on the Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits. In NR, the UE-specific DMRS is used for NR PDCCH demodulation. The demodulation complexity is highly depending on the amount of resource of PDCCH for a UE attempt to demodulate. The number of CCEs and BDs should be reduced. Alternatively, the relaxation in time would be also considered as the processing capacity can be in multiple slots.

Proposal 7: RAN1 studies reducing the PDCCH monitoring capability based on Rel-15 baseline.
In our companion contribution [4], reduced PDCCH monitoring are discussed in detail. 
2.3. UE coverage recovery
For a RedCap UE, the coverage performance will degrade due to reduced capability, e.g. reduced number of UE RX/TX antennas. Therefore, coverage recovery is one key objective of the study item. 
Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:

· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 
· Note: For FR1, coverage analysis for wearables can include consideration of potential reduced antenna efficiency due to device size limitations as part of the antenna gains. The extent of additional recovery of coverage loss due to reduced antenna efficiency is to be limited to 3 dB

· The study includes evaluations of the impact to network capacity and spectral efficiency

For the coverage enhancement, some existing technologies specified in LTE and NR can be considered as baseline. For LTE MTC and NB-IoT technologies, coverage is one of key targets, and solutions of repetition and hopping are specified during standardization. For coverage enhancement feature in Rel-12, TTI bundling is introduced targeting VoIP and medium data rate PUSCH. For NR URLLC, the repetition based solutions for high reliability can also be beneficial to coverage. Reusing some of these standardized solutions can be considered for the coverage recovery, which can reduce standard efforts. 
Downlink and uplink transmission repetition have been standardized in LTE and NR features. It is a useful technology to enhance coverage of the repeated channels. During study item stage, repetition based functionality could be discussed for coverage recovery. The legacy standardized solution in NR could be a baseline.
Proposal 8: The legacy standardized solution in NR, such as repetition, could be a baseline for coverage recovery of RedCap UE. 
For reduced capability devices, they generally have limitation on device sizes. A significant smaller size than normal UE would be quite common for RedCap UE. Wireless sensors and wearables will require smaller form factor than those devices like video surveillance. The form factor has impacts on the antenna size and deployment, which may introduce antenna performance loss. 
In the revised SID [1], the potential reduced antenna efficiency of wearables is identified as an issue for study. The extent of additional recovery of coverage loss due to reduced antenna efficiency is to be limited to 3dB. The antenna efficiency reduction as part of the antenna gains should be modeled for the evaluations of impacts to coverage of wearables.
Proposal 9: The antenna efficiency reduction as part of the antenna gains should be considered for coverage recovery solution of RedCap UE.
As noted in SID, this SI should focus on SA mode and single connectivity. The network should support initial access procedure of a RedCap UE. During initial access procedure, coverage recovery is necessary, compared to legacy NR UE. The SSB, RMSI and PRACH transmission should be improved to reach the coverage equivalent to Rel-15. New transmission mechanism, and resource configuration may be designed. The design should be coexistent with legacy NR UE. It should not have impacts on the legacy physical layer procedure, such as initial access.
Proposal 10: The design of functionality for coverage recovery should ensure coexistence with legacy NR UE, especially for initial access procedure. 
In our companion contribution [2], two RedCap UEs types, and use case/device type orientated RedCap UEs features are proposed. For the coverage recovery of RedCap UEs, in order to simplify the system design and reduce standard efforts, unified solutions for coverage recovery of different RedCap UEs types are preferred. 
Proposal 11: Unified solutions for coverage recovery of different RedCap UEs types are defined.
In RAN#88e, the revised SID on study on NR coverage enhancement was agreed [5]. It focuses on coverage enhancement for NR operation. The target use cases are VoIP and eMBB service for FR1, and eMBB as first priority and VoIP as second priority for FR2. The objectives of study item have some overlapping with coverage recovery for RedCap UE. The study scope of coverage recovery should be firstly clarified during study item. It can reduce standard efforts, and ensure compatibility of system operation. 

Considering the different use cases and UE categories that the two SI addressed, use case/UE category orientated solutions on coverage can be developed. For NR UE supporting coverage enhancement, the baseline is Rel-16 NR structure and UE category. For RedCap UE supporting coverage recovery, reduced capability of UE should be considered for coverage recovery solutions, and coexistence with NR structure is also an important issue to be ensured. 

Proposal 12: Specific solutions can be considered for coverage recovery and coverage enhancements.
3. Conclusions
In this contribution, the framework and principles for Reduced Capability are discussed. The following are proposed.

Proposal 1: 1 RX/TX antenna is baseline for RedCap UEs. The support of 2 RX&1 TX antenna is optional. 

Proposal 2: For FR1, legacy initial access procedure is reused for the RedCap UEs with 20MHz maximum UE bandwidth and above. 
Proposal 3: For FR2, enhancements to the initial access procedure are needed for the RedCap UEs with 50MHz maximum UE bandwidth
Proposal 4: Whether half-duplex FDD is supported for very limited number of NR FDD bands is for further discussion.

Proposal 5: The relaxing of minimum k0/k1/k2 is studied for RedCap UEs.
Proposal 6: The relaxing of processing capabilities is studied for RedCap UEs.
Proposal 7: RAN1 studies reducing the PDCCH monitoring capability based on Rel-15 baseline.

Proposal 8: The legacy standardized solution in NR, such as repetition, could be a baseline for coverage recovery of RedCap UE. 
Proposal 9: The antenna efficiency reduction as part of the antenna gains should be considered for coverage recovery solution of RedCap UE.
Proposal 10: The design of functionality for coverage recovery should ensure coexistence with legacy NR UE, especially for initial access procedure. 
Proposal 11: Unified solutions for coverage recovery of different RedCap UEs types are defined.
Proposal 12: Specific solutions can be considered for coverage recovery and coverage enhancements.
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